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INTRODUCTION

This compilation is an inventory of al known outcrops of Neoproterozoic and Paleozoic
stratain Sonora, Mexico. We have not attempted an interpretation of the regional
stratigraphic or structural setting of the strata. Brief summaries of the stratigraphic
setting of the Sonorarocks are given in Poole and Hayes (1971), Rangin (1978),
Stewart and others (1984, 1990), and Poole and Madrid (1986; 1988b). More
specific information on the setting of strata of specific ages are given by Stewart and
others (2002) for the Neoproterozoic and Cambrian; by Poole and others (1995a) for
Ordovician shelf strata; by Poole and others (1995b) for Ordovician deep-water open-
basin strata; by Poole and others (1997, 1998, 2000a) for Silurian strata; and by
Poole and others (2000a) for Mississippian strata. Other reports that discuss regiond
aspects of Paleozoic stratigraphy include Lopez-Ramos (1982), Peiffer-Rangin,
(1979, 1988), Pérez-Ramos (1992), and Stewart and others (1997, 1999a).

Structurally, the mgjor Paleozoic feature of Sonorais the Sonora allochthon, consisting of
deep-water (eugeoclinal) strata emplaced in the Permian over shelf (miogeoclina)
deposits (Poole and others, 1995a,b; Poole and Perry, 1997; 1998). The
emplacement structureis generally considered to be amajor Permian continental
margin thrust fault that emplaced the deep-water rocks northward over shelf
(miogeoclina) deposits. An aternate interpretation has been presented by Stewart
and others (2002). He proposed that the emplacement of the Sonora allochthon was
along amgjor Permian transpressional structure that was primarily a strike-dlip fault
with only aminor thrust component .

The Mojave-Sonora megashear has been proposed to disrupt Neoproterozoic and Paleozoic
trendsin Sonora. Thisfeatureisahypothetical, |eft-lateral, northwest-striking fault
extending across northern Sonora and the southwestern United States (Silver and
Anderson, 1974; Anderson and Schmidt, 1983). It is proposed to have Jurassic
displacements of about 700-800 km. Current opinion is mixed concerning whether
the M ojave-Sonora megashear exists (see discussions and references in Stewart and
others, 1990; 1999a).

The inventory presented here isthe product of a search of the literature for described
Neoproterozoic and Paleozoic localities and our examination of alarge number of the
outcropsin thefield. Theindividual localities are described by reference letters and
numbers, locality name, latitude and longitude, a brief text on the stratigraphy of the
strata, and references. Figure 1 isan index showing the location of Sonoraand the
location of figure 2. The location of afew localites that are outside of figure 2 are
also shown on figure 1. We also include a separate description of localities that have
been erroneoudly reported, on the based of our field examinations, to contain
Neoproterozoic and Paleozoic rocks. Weinclude a brief description of problematic
strata in southern Sonorathat have been described as Paleozoic, but may be at least in
part Mesozoic. Figures 3-11 show the distribution of Neoproterozoic, Cambrian,
Ordovician, Silurian, Devonian, Mississippian, Pennsylvanian, and Permian stratain
Sonora.

The reference letters indicate the specific 1° by 2° quadrangle, and the number indicates the
specific sSite within that quadrangle. Not all numbers are used. The code for the 1° by
2° quadranglesis asfollows:

AP, AguaPrieta

CB, Caborca

CN, Cananea,

H, Hermosillo (H12-8)

IA, ISaAngel delaGuarda (H12-7)
M, Madera (H12-9)



ME, Mexicdli (1-11-12)
NG, Nogales

NZ, Nacozari

P, Puerto Pefasco (H12-1)
SL, SierraLibre, H12-11
T, Tecoripa (H12-12)

ROCKS THAT APPEAR TO HAVE BEEN ERRONEOUSLY MAPPED AS
PALEOZOIC

Nacozari, centered on lat 30°29'N., long 109°44'W., shown as Paleozoic on INEGI
(Instituto Naciona de Estadistica Geografia e Informatica) Nacozari 1° by 2°
guadrangle (H-12-6). Lithologically variable assemblage of calc-silicate hornfels and
fine- to very- fine-grained quartzite associated with possible volcaniclastic and
tuffaceous rocks, probably Mesozoic.

Sierra Sombreretillo, centered on lat 30°38'N., long 109°39'W., shown as Paleozoic on
INEGI Nacozari 1° by 2° quadrangle (H-12-6). Sandstone and siltstone containing
silicified wood in a vol canic succession of Cenozoic age.

L as Pefiitas area, Sierra Caracahui, (La Julia unit of Mendoza-Cordova and Minjares-
Rivera, 1989), centered on about lat 30°15'N., long 110°53'W. Thin layers of
sliciclastic arenitesin siltstone and metavol canic rocks, probable Mesozoic age. One
outcrop isa Tertiary rhyoalite plug.

Estacion Llano, lat 30°21'N., long 111°08'W. Siliciclastic arenite, siltstone, and
metavol canic rocks of probable Mesozoic age.

Cerro €l Picacho, Arispe area, centered on lat 30°25'N., long 110° 07'N. Shown as
Paleozoic on Mapa Geoldgico Minero de Sonora (Consegjo de Recursos Minerales,
1994). Thick succession of carbonate and siliciclastic rocks considered to be
Mesozoic in age.

Lomas Tamichopa, lat 30°17'N., long 108°50'W. Shown as Paleozoic on INEGI Nacozari
1° by 2° quadrangle (H-12-6). Silicified Tertiary volcanic rock.

Cerro de Oro. A small arrea of fossiliferous carbonate rocksin the Cerro de Oro area (1.3
km northeast of Cerro El Cielo, 1.5 km northeast of Cerro Copete), 29°37.3'N., long
110°37.0W, contains a brachiopod fauna reported by Radelli (1996) to be Permian.
Fossils collected at the same locality by Stewart and R. Amaya-Martinez in 1997 were
sent to R.B. Blodgett who indicates (2001, written commun.) that the fossils are
Cretaceous, definitely not Permian. He further notes that the fossils are closely
related to those collected by C. Gonzalez-L eon, probably from the same locality, and
identified by E. Owens (1988, written commun.) as Cyclothyrisindi (Ager),
Colinella mullerriedi (Imlayi), Gemmarcula arizonensis Cooper, and Waconella
wacoensis. Owens indicates a Cretaceous age for these fossils.

Cerro Caloso, 16 km south of Hermosillo: centered at lat. 28° 57'N., long. 110° 56'W.
Mapped as Paleozoic on 1:250,000-scale INEGI geologic map of SierraLibre, but
apparently consists entirely of Upper Triassic and Lower Jurassic? Barranca Group
with graphite, and a gypsum layer (Y eso mine on 1:50,000-scal e topographic map
H12D51) (Martin Vaencia, oral commun., 1997).

El Jaralito area, centered on lat 29°39N., long 110°16'W. Mapped as Paleozoic on INEGI
1:250,000-scale Hermosillo geologic map and as Paleozoic (?) by Peabody (1979).
Consists of marble, calc-silicate hornfels, pelitic schist, hornfels, metaconglomerate,
and quartzite (Peabody, 1979). Field examination by Stewart and R. Amaya-
Martinez in 1996 indicates that the succession does not resemble Neoproterozoic or
Paleozoic strata elsewhere in the region, and that it is probably Mesozoic in age.

Cerro Los Taraices, about 20 km east southeast of Moctezuma, about 9 km southeast of
Cerro Tonibabi, centered on about lat 29°45'N, long 109°30'W. Shown on INEGI



1:250,000-scale map as Paleozoic. Consists of limestone, calc-silicate hornfels, and
metasiltstone. The limestone locally contains abundant poorly preserved shelly
materia including brachiopods, oysters (?), and orbitolinas and the succession is
considered Cretaceous in age (Roldan-Quintana, 1994).

PROBLEMATIC STRATA IN SOUTHERN SONORA

Paleozoic, or possible Paleozoic strata, south of about lat 28°15'N. in Sonora are
shown on figure 1, but are not given locality numbers or described el sewhere in the text.
Within this large region, no definite Paleozoic strata have been identified, although Dumble
(1900), Angermann (1904), and King (1939) mapped and (or) described several localities
that they considered to contain Paleozoic rocks. These strata consist of quartzite, quartzitic
sandstone, date, micaceous phyllite, and limestone. A few localities contain brachiopods,
corals, and pelmatozoan detritus. In outcrops near El Trigo (lat 27°31'N.,
long109°06'W.), Angermann (1904) indicates that a Spirifer was found, suggesting a late
Paleozoic, possibly Permian age (King, 1939). Inthe El Trigo region, Triassic strata have
been identified (see summary in Stewart and others, 1997), and possibly some or al of the
so-called Paleozoic strata are Triassic. Poole and Amaya-Martinez (unpublished field
work, 1996) examined some of the so-called Paleozoic stratain southern Sonora and
considered them to be possibly Mesozoic. Nevertheless, a Paleozoic age for these stratais
possible. Paleozoic strata commonly are associated with Triassic stratain central Sonora,
and asimilar relation could exist in southern Sonora. Finally, Paleozoic strata have been
identified south of Sonorain northern Sinaloa (Gastil and others, 1991; Poole and Perry,
1998; Poole, W.R. Page, and A.G. Harris, quoted in Stewart and others, 1999b) and this
region containing Paleozoic rocks could extend into southern Sonora.

Rocks mapped as Paleozoic marble, schist, and phyllite are shown in southernmost
Sonora (Fig. 1) on the CESUES (Centro de Estudios Superiores del Estado de Sonora)
1:500,000-scale map of Sonora (Fernandez-Aguirre and others, 1993). We have no
further information on these rocks.

INDEX OF NEOPROTEROZOIC AND PALEOZOIC LOCALITIES

AP-2, Cerro La Morita: lat 31°12'35" N. to lat 31°16'20"N., long 109°47'20"W. to
long 109°50'40"W. Peiffer-Rangin (1988) recognized 120 m of Desmoinesian strata
(incomplete), 260 m of Missourian strata (incomplete), and 90 m of Lower Permian
Strata.

AP-3, Cerro Cabullona: lat 31°05.2'N. to lat 31°06.7N., long 109°30.9'W. to long
109°33.0W. Tdliaferro (1933) and Viveros-Martinez (1965). Observations of Stewart
and R. Amaya-Martinez (field studies, 1996), at lat 31°07.1N., long 109°33.9'W.
indicate a Precambrian porphyritic granite unconformably overlain by the Middle
Cambrian Bolsa Quartzite. The Bolsa consists of fine- to medium-grained quartzite and
minor conglomerate with clasts of quartz and quartzite(?) aslargeas 2 cm. Viveros
Martinez (1965) reported 20 m of Bolsa Quartzite, more than 259 m of Devonian
Martin (?) Formation, and more than 192 m of Mississippian Escabrosa Limestone (?).

AP-4, Loma Blanca: lat 31°08'N., long 110°09'W. Shown as Paleozoic carbonate
stratain Rangin (1977) and in INEGI Agua Prieta (H-12-3) 1:250,000-scale geologic
map. Not examined during present study.

AP-5, Sierra Guadalupe: lat. 31° 18'N., long 109°07'W. Paleozoic rocks reported by
Rangin (1977) and Peiffer-Rangin (1988). Not examined during present study.



CB-1, Cerro Gamuza: lat 30°33'N to lat 30°07'N., long 112°06'W. to long 112°08'W.
Stratigraphic succession (Longoria, 1981; Longoria and Gonzalez, 1979; Stewart and
others, 1984) consists, in ascending order, of: Pitiquito Quartzite, 89 m; Gamuza
Formation, thickness unknown; Tecolote Quartzite (?); and possibly stratigraphically
higher units. Stromatolites in the Gamuza Formation were described by Weber and
others (1979). Other papers describing or summarizing stromatolite occurrencesin this
or other areas of the Caborcaregion are Cevallos-Ferriz (1981a, 1981b), Cevallos-
Ferriz and Roldan-Quintana (1984), Cevallos-Ferriz and Weber (1980), Cevallos-
Ferriz and others (1981, 1982, 1988), Weber and others (1979), and McMenamin and
others (1994).

CB-2, Cerro El Arpa: lat 30°28N. to lat 30°32'N., long 112°08W. to 112°09'W.
Neoproterozoic stratigraphic succession (Longoria, 1981; Longoriaand Gonzalez,
1979; Stewart and others, 1984) rests unconformably on 1,110 Ma Aibo Granite
(Anderson and Silver, 1979) and consists, in ascending order, of: El Arpa Formation,
190 m; Caborca Formation, 105 m; Clemente Formation, faulted and incomplete, 101
m; Pitiquito Formation, 110 m; Gamuza Formation, 807 m; and Papal ote Formation,
188 m, top not exposed.

CB-3, Cerro Aguituni-Cerro San Clemente (Sierra La Verruga): lat 30°14'N to lat
30°17'N., long 112°06'W. to long 112°12'W. Stratigraphic section (Eells, 1972,
Stewart and others, 1984) consists, in ascending order, of: Pitiquito Quartzite,
thickness unknown; Gamuza Formation, thickness unknown; Papal ote Formation; La
Ciénega Formation, thickness unknown; Puerto Blanco Formation, 400 m, incomplete.
Stromatolites occur in the Gamuza Formation (Cevallos-Ferriz and others, 1981).

CB-4, Cerro Calaveras: lat 30°14'N. to lat 30°17'N., long 112°04'W. to long
112°07W. Stratigraphic succession (Eells, 1972; Stewart and others, 1984) consists,
in ascending order, of: Caborca Formation, 150 m, base not exposed; Clemente
Formation, 116 m; Pitiquito Quartzite, 30 m; Gamuza Formation, 110 m; Papalote
Formation, 520 m; Tecolote Quartzite, 70 m; La Ciénega Formation, 180 m; Puerto
Blanco Formation, 546 m; Proveedora Quartzite, 224 m; Buelna, 68 m; Cerro Prieto
Formation, thickness unknown; Arrojos Formation, thickness unknown; and Tren
Formation, 100 m, top not exposed. Stromatolites (Cevallos-Ferriz and others, 1981)
occur in the Gamuza Formation. Cloudiniid (small shelly fossils) are present inthe La
Ciénega Formation (McMenamin, 1985; Hagadorn, 2000). Stromatolites occur in the
Gamuza Formation (Cevallos-Ferriz and others, 1981; McMenamin and others, 1994)
and the Puerto Blanco Formation contains archeocyathids and trace fossils (Debrenne
and others, 1989).

CB-5, Cerros de la Ciénega: lat 30°07'N. to lat 30°13'N., long 111°59'W. to long
112°05'W. Stratigraphic section (Eells, 1972; Stewart and others, 1984) consists, in
ascending order, of: El Arpa Formation and Caborca Formation, undivided, 503 m;
Clemente Formation, 116 m; Pitiquito Formation, 208 m; Gamuza, Papalote, La
Ciénega, and Puerto Blanco Formations, and Proveedora Quartzite, thicknesses
unknown; Buelna Formation, 112 m; Cerro Prieto Formation, 88 m; and Arrojos
Formation, 201 m, top not exposed. Stromatolites occur in the Gamuza Formation
(Cevallos-Ferriz and others, 1981).

CB-6, Cerro Pozo Serna: lat 30°08'N. to lat 30°11'N., long 112°10'W. to long
112°12'W. Little studied outcrops of Neoproterozoic and Lower Cambrian rocks
considered to correlate with the Neoproterozoic and Cambrian strata at Caborca



(Morales-Montafio and Cota-Reyna, 1990; Calmus and others, 1997; Lucas and others,
1999). Stewart and others (1984) reported presence of Buelna Formation in this area.

CB-7A, Sierra del Vigo, northern part: lat 30°11'N. to lat 30°17'N., long 112°16'W.
to long 112°21'W. Stratigraphic succession, according to Pelayo-Ledezma and
Salcido-Reyna (1985), consists, in ascending order, of: unit 1, 305 m, correlative to the
El Arpaand Caborca Formations, undivided; unit 11,150 m, correlative to the Clemente
and Pitiquito Quartzite, undivided; unit 111, 200 m, correlative to the Gamuza
Formation; unit 1V, 350 m, correlative to the Papal ote Formation; and unit V, 200 m,
correlative to the Tecolote Quartzite. Thelower 70 m of unit V is mostly dolomite that
possibly correlates with the uppermost part of the Papal ote Formation. Units |1l and
IV, according to Pelayo-L edezma and Salcido-Reyna (1985), contain the stromatolites
Conophyton and locally Jacutophyton. The presence of stromatolitesin Sierra del
Vigjo isaso mentioned by Cevallos-Ferriz and others (1981). The presence of
Conophyton in unit 1V (strata correlative of the Papalote Formation) is unusual because
this stromatolite has not been recognized in the Papal ote Formation elsewhere.
Additional work is necessary to confirm the stratigraphic position of these
stromatolites.

CB-7B, Sierra del Vigjo, southern part: lat 30°11'N. to lat 30°25'N., long 112°16'W.
tolong 112°25'W. The stratigraphic section, according to Pelayo-L edezma and
Salcido-Reyna (1985), consists, in ascending order, of: unit I1' (200 m) correlative
with the Pitiquito Quartzite; unit 111" (240 m) correlative with the Gamuza Formation;
unit 1VV'(300 m) correlative with the Tecol ote Formation; Puerto Blanca Formation, 50
m, probably too thin; Proveedora Quartzite, 60 m; Buelna Formation, 101-121 m; and
Cerro Prieto Formation, 70 m, incomplete. Unit I11' contains stromatolites (Pelayo-
Ledezma and Salcido-Reyna, 1985; Cevallos and others, 1981). Rocks comparable to
the La Ciénega Formation were not recognized by Pelayo-L edezma and Salcido-Reyna
(1985). The Lower Cambrian Proveedora Quartzite is recognized in the southernmost
Sierrade Vigo (Stewart and others (1984).

CB-8, Cerrosde Los Arrojos: lat 30°37.2'N., long 112°17.7'W. Stratigraphic
succession (Cooper and others, 1952) consists, in ascending order, of: Proveedora
Quartzite, thickness not determined; Buelna Formation, thickness not determined; Cerro
Prieto Formation, about 91 m; Arrojos Formation, 189? m; and Tren Formation, 531
m, top not exposed. The Buelna, Arrojos, and Tren Formations contain trilobites and
other fossils (Lochman, 1948, 1953; Cooper and others, 1952; McMenamin and
others, 1994).

CB-9, Cerro dela Lista Blanca: 30°37.5'N., long 112°15'W. Marble and
metadol omite containing poorly preserved Middle Cambrian trilobites indicative of the
Tren Formation (Cooper and others, 1952).

CB-10, Cerros de la Proveedora (Proveedora Hills): 30°41'N. to 30°43'N., long
112°15'W. to long 112°16'W. The stratigraphic succession (Cooper and others, 1952;
1954) consists, in ascending order, of: Puerto Blanca Formation, 293 m, base not
exposed; Proveedora Quartzite, 223 m; Buelna Formation, 101 to 121 m; Cerro Prieto
Formation, 100 m; Arrojos Formation, 310 m; and Tren Formation, 490 m, top not
exposed. |solated exposures of the Puerto Blanca Formation west of the main outcrops
contain archeocyathids (Cooper and others 1952; Debrenne, 1987; Debrenne and
others, 1989). Higher in the stratigraphic succession, trilobites and other fossils are
present in the Puerto Blanco Formation, Buelna Formation, Cerro Prieto Formation,
and Arrojos Formation (Lochman, 1948; 1953; Cooper and others, 1952; McMenamin



and others, 1994). Studies of the paleoenvironments of the Cambrian strata of the
Proveedora Hills and of the Caborcaregion are given by Rivera-Carranco (1988) and
Armellaand Cabaleri (1990).

Correlation of stratain Proveedora Hills and elsewhere in Caborca areawith strata
in the western United States and Canada were given by Eells (1972), Fritz (1975),
Palmer (1981), and Stewart and others (1984).

CB-11, Cerro Cafiedo: lat 30°41.8'N., long 112°7.5'W. Cooper and others (1952)
reported Early Cambrian fossils from thislocality that are indicative of the Puerto
Blanco Formation. Weber and others (1979, p. 13) reported archeocyathids.

CB-12, Cerros de Buelna (Buelna Hills): lat 30°45'N., long 112°18'N. The
stratigraphic succession (Cooper and others, 1952) consists, in ascending order, of:
Proveedora Quartzite about 91 m, base not exposed; Buelna Formation, 85 m; Cerro
Prieto Formation, thickness not determined, top not exposed. The Buelna Formation
contains trilobites and other fossils (Cooper and others, 1952; McMenamin and others,
1994).

CB-13, Cerros delos Difuntos: This name does not appear on the 1980, 1;50,000-scale
topographic map of the El Sahuaro (H12A56) quadrangle nor on 1;250,000-scale
topographic maps of the area. Cooper and others (1952) described the locality as
"about 14 miles northwest of Caborca’. We have not tried to find this locality in the
field, but presumeit islocated at about lat 30°53'N., long 112°19'W. Outcrop consists
of asmall group of hills containing trilobites and archeocyathids (Cooper and others,
1952; Debrenne, 1987; Debrenne and others, 1989; McMenamin and others, 1994).
Thetrilobites are indicative of the Buelna Formation (Cooper and others, 1952), but
archeocyathids are not found at this stratigraphic position elsewherein Sonoraor in
correlative rocks in the western United States. Although we have not visited the
locality, we suspect that the rocks containing the trilobites and archeocyathids may have
been juxtaposed by faulting. Cooper and others (1952) also recognized the Cerro
Prieto Formation, apparently the Arrojos Formation, and the Tren Formation in the
Cerros de los Difuntos.

CB-14, El Bisani: lat 30°40'30" N. to lat 30°42'30'N., long 112°23'00'W. to long
112°24'30"W. Ordovician, Silurian, Devonian, and Mississippian strata form small
hillocksin abroad aluvial plain. First described by Cooper and Arellano (1946) and
later by Easton (1958), Brunner (1975, 1976), Armstrong and others (1981), and
Poole and others (1995a, 1997, 1998). Poole (references cited previously and
unpublished field work) and A.J. Boucot (1974, written commun.) have done studies
inthearea. Thelr lithostratigraphic and biostratigraphic studies indicate the presence of
discontinuous outcrops of Ordovician to Mississippian carbonate shelf/platform rocks
in the Rancho El Bisani arealocated about 22 km west of Caborca, Sonora. Ordovician
and Silurian rocks are dated by conodonts and Devonian and Mississippian rocks are
dated by conodonts, corals, gastropods, and brachiopods. The late Middle Devonian
(Givetian) brachiopod genus Stringocephalus was found by A.J. Boucot (1993,
written commun.) and stringocephalids were recognized by Poole (1999, unpubl. data)
in the northwestern part of the Bisani area. In the same outcrop area, the early Late
Devonian (Frasnian) gastropod genus Orecopia was found by G.A. Cooper (1975,
written commun. to Boucot). Several Late Devonian coral genera (Smithiphyllum,
Tabulophyllum, Amphipora) and massive stromatoporoids were identified by W. J.
Oliver, Jr., from Cooper's Orecopia collection. The coras are consistent with the
Frasnian age indicated by Orecopia, according to Boucot (1993, written commun.).
The Mississippian strata consist of both Lower and Upper Mississippian fossiliferous



limestones that are dated by conodonts and foraminifera (Brunner, 1976; Poole,
unpubl. data).

CB-15, El Antimonio: lat 30°45'30" N. to lat 30°46'30"N., long 112°34'10"W. to long
112°36'15"W. Monos Formation of Late Permian age is described by Cooper and
Arellano (1946), Cooper and others (1953), Cooper, 1965, Guiza and White (1949),
White and Guiza (1950), and Gonzalez-L edn (1980), and Wardlaw (1981), Lucas and
others (1997), Gonzalez-L éon (1997), and Lucas and Estep (1999).

CB-17, 8.5 km northwest of Caborca: lat 30°46'N., long 112°13'W. Small hill
containing Neoproterozoic dolomite, thrust over Upper Cretaceous rocks (César
Jacques-Ayala, 1995, written commun.). Dolomiteis presumably correlative to
Neoproterozoic dolomite near Caborca.

CB-18, Cerritodela Millaand Cerro dela Mé&quina: lat 30°43.0'N. to lat.
30°43.5'N., long 112°8.1'W. to 112°9.0W. Small outcrops within and adjacent to
town of Caborca. Gamuza Formation contains the stromatolites Conophyton
Jacut)ophyton, and Platella (Weber and others, 1979; Weber and Cevallos-Ferriz,
1980).

CB-19, Cerro Prieto: lat 30°41.5N., long 112°10.2'W. Stratigraphic succession
(Cooper and others, 1952) consists, in ascending order, of: Proveedora Quartzite, 44
m, base not exposed; Buelna Formation, 84 m; and Cerro Prieto Formation , 81 m, top
not exposed. Trilobites and other fossils are present in the Buelna Formation (Cooper
and others, 1952; McMenamin and others, 1994).

CN-4, Cerro Los Changos. lat 30°08.3'N. to 30°09.5 N., long 110°31'W. to
110°31.2W. Consists of fine- to medium-grained quartzite defined as the Los
Changos Quartzite (Rodriguez-Castafieda, 1984, 1988), here assigned to the Las
Viboras Group. Localy includes coarse-grained quartzite and conglomerate with clasts
of white quartz. These rocks lie adjacent to Precambrian crystalline basement rocks and
arelithologically similar to rocks in the Neoproterozoic El Tapiro Formation of the Las
Viboras Group, with which the Los Changos Quartzite is correlated. Other parts of the
unit mapped as the Los Changos Quartzite are associated with vol caniclastic rocks and
could be Mesozoic in age, or aternately the volcaniclastic rocks could be in different
structural blocks and unrelated to the Los Changos Quartzite.

CN-5, Sierra Rajon: lat 30°24' N. to lat 30°27' N., long 111°55' W. to long 111°58' W.
Neoproterozoic and Lower Cambrian rocks are about 2,560 m thick and rest
unconformably on a 1,400 Ma Precambrian crystalline basement (Stewart and others,
1984; Stewart, 1984). The stratigraphy, in ascending order, is. El ArpaFormation,
89.7 m; Caborca Formation, 126.6 m; Clemente Formation, 210.3 m; Pitiquito
Quartzite, 77 m; Gamuza Formation, 135 m; Papalote Formation, 404.5 m; Tecolote
Quartzite, 168.5 m; La Ciénega Formation, 178 m; Puerto Blanco Formation, 717 m;
Proveedora Quartzite, 201 m; Buelna Formation, 77.5 m; Cerro Prieto Formation, 82
m; and Arrojos Formation, 93 m (incomplete). The Clemente Formation has been
reported (McMenamin and others, 1992; McMenamin, 1996) to contain a
Neoproterozoic Ediacaran biotaaswell astrace fossils and enigmatic fossils.
Waggoner (1999) has questioned whether these are fossils. The Gamuza Formation
contains large conical stromatolites that are mostly Conophyton (Stewart and others,
1984; McMenamin, 1982; McMenamin and others, 1994). La Ciénega Formation
contains cloudiniid (small shelly fossils) (McMenamin and others, 1983; Signor and
others, 1983; McMenamin 1985; McMenamin and others, 1994; Hagadorn and Fedo,



2000). The Puerto Blanco Formation contains trilobites (McMenamin, 1983, 1987,
McMenamin and others, 1994), archeocyathids (Debrenne and others, 1989),
brachiopods (McMenamin, 1987; McMenamin and others, 1994), and rare other fossils
(McMenamin, 1992), McMenamin and others, 1994). Chemostratigraphic studies
(Rowland and others, 1993) of the Sierra Rajon section support, in general, previous
correlations (Stewart and others, 1984) of stratigraphic units from Sierra Rgjon to the
western United States. Sierra Rgjon has also been the site of paleomagnetic studies on
basaltic rocks in the Puerto Blanco Formation (Barr and Kirschvink, 1983)

CN-6, Sierra La Vibora (also called Cerro Pitiquito, includes Cerros Caborca of
Weber and others, 1979): lat 30°32'N. to lat 30°40'N., long 111°57'W. to long
112°03'W. DelJong and others (1988) mapped extensive outcrops of Neoproterozoic
and Lower Cambrian strata (EI Arpa Formation, Caborca Formation, Clemente
Formation, Pitiquito Formation, Gamuza Formation, Papal ote Formation, Tecolote
Quartzite, La Ciénega Formation, and Puerto Blanco Formation). Other references:
Longoria and Perez (1978) and Mendoza (1981). Cloudiniids (small shelly fossils
have been described from the La Ciénega Formation by McMenamin (1985; Hagadorn,
2000); and large stromatolites (Conophyton, Jacutophyton, and Platella) by Weber
and others (1979) and Weber and Cevallos-Ferriz (1980).

CN-7, Cerro Clemente-Cerro Llano Verde: lat 30°15'N. to lat 30°21'N., long
111°52'W. to long 112°02'W. Stratigraphic succession (Westerfield, 1988) consists,
in ascending order, of: El ArpaFormation, 0-18 m; Caborca Formation, 106 m;
Clemente Formation, 188 m; Pitiquito Formation, 48 m; Gamuza Formation, 140 m;
Papal ote Formation, 390 m; Tecolote Formation, 130 m; La Ciénega Formation, 143
m; Puerto Blanco Formation, 625 m; Proveedora Formation, 225 m; Buelna
Formation, 79.5 m; and Cerro Prieto Formation, 100 m, top not exposed.
Stromatolites are present in the Gamuza Formation (Cevallos-Ferriz and others, 1981;
Westerfield, 1988). Cloudiniids (small shelly fossils) are present in the La Ciénega
Formation (McMenamin, 1985; Hagadorn, 2000). Archeocyathids and trace fossiis are
present in the Puerto Blanco Formation (Westerfield, 1988; Debrenne and others,
1989). Trilobite fragments and other fossil debris are present in the Buelna Formation
(Westerfield, 1988).

CN-8, Cananea: lat 30°58'45"N. to lat 31°01'15"N., long 110°20'10"W. to long
110°23'50"W. Emmons (1910), Mitchell (1928), Vaentine (1936), Mulchay and
Velasco (1954), Velasco (1966), Anderson and Silver (1977), Einaudi (1982), Meinert
(1980, 1982), and Bushnell (1988). The oldest Paleozoic unit is the Capote Quartzite
of Vaentine (1936) which isat least 140 m thick (Mulchay and Velasco, 1954), and
rests unconformably on 1,440 + 15 Magranitic rocks (Anderson and Silver, 1977;
Einaudi, 1982). The Capote Quartzite is correlated with the Bolsa Quartzite of Arizona
(Mulchay and Velasco, 1954) and is apparently conformably overlain by the Esperanza
Limestone of Mulchay and Velasco (1954). The Esperanza Limestoneis about 90 m
thick and consists of highly altered and mineralized thin-bedded limestone. Itis
correlated with the Cambrian Abrigo Limestone of Arizona by Mulchay and Velasco
(1954). Above the Esperanza Limestone is a unit termed the "Crystalline Limestone” or
"Crydstaline formation” by Mulchay and Velasco (1954) that may be Devonian and/or
Mississippian in age.

CN-9, CerroEl Vigia: centered on lat 30°07'N., long 110°12.5W. Martinez-Garcia
and Soots-L 6pez (1994) mapped and described about 500 m of sandstone, quartzite,
and siltstone that they assigned to the Paleozoic(?). They divided these rocksinto two
units, alower unit of reddish-brown, cross-stratified and thin-bedded arkosic
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sandstone and siltstone locally containing casts of salt crystals, and an upper unit of
guartzite. Thelower unit islithologically smilar to the El Alamo Formation of the Las
Viboras Group, and we feel confident in assigning it to the EI Alamo Formation. We
are unsure of the assignment of the upper unit. It may be part of the EI Alamo
Formation, but we aso observed in the Cerro El Vigiaarea ayellow-gray quartzite unit
containing siliceous nodules. Such quartzite istypical of the El Tapiro Formation of the
Las Viboras Group, and we here correlate this quartzite unit with the El Tapiro
Formation. The quartzite unit may be the upper unit of Martinez-Garcia and Soots-
LOpez (1994), but, if so, it must be separated from the El Alamo Formation by afault.
The El Tapiro Formation underliesthe EI Alamo Formation in the Cerro de Oro area
where these two formations are defined, and does not overlie the El Alamo Formation
as described by Martinez-Garcia and Soots-L 6pez (1994).

CN-10, Sierra El Jucaral: lat 30°01.5'N. to lat 30°06.5'N, long 110°24'W. to long

110°28.5'W. Outcrops of the L os Changos Quartzite, here considered to be part of the
Las Viboras Group, is separated from Precambrian crystalline basement by alow-angle
fault (Rodriguez-Castafieda, 1994). Where examined (lat 30°04.5'N, long
110°25.2'N), the outcrop consists of about 300 m of yellow-gray, very thin- to thick-
bedded, in part cross-stratified, medium-to very coarse-grained quartzite, containing
beds of conglomerate with quartz clastsaslarge as 5 cm.

CN-11, San Antonio area: centered on lat 30°01.5'N., long 110°25.0W. Outcrops of

Los Changos Quartzite, here considered to be part of the Las Viboras Group, separated
from Precambrian crystalline rocks by alow-angle fault (Rodriguez-Castafieda, 1994).
Consists of yellow-gray, fine- to medium-grained quartzite, locally containing coarse-
to very coarse-grained sand and granules. We correlate this unit with the El Tépiro
Formation defined in the Cerro de Oro area.

CN-12, Cerro Arituaba: lat. 30'24.5'N. to lat 30° 26'N., long 111°25.7'W. to long

111° 27.5W. Studies by Stewart and César Jacques-Ayala (field work, 1967) indicate
arelatively thin section of Neoproterozoic and Cambrian strata composed of 352 m of
undivided El Arpa and Caborca Formations (incomplete), 262 m of Clemente
Formation, 6 m of Pitiquito(?) Quartzite, 130 m of undivided Papalote and Gamuza
Formations, 40 m of the Tecolote Quartzite, 354 m of Cerro Prieto Formation, 40 m of
Proveedora Quartzite, and 59 m of Buelna Formation.

CN-13, Cerro El Picacho area: lat. 30° 17'N., long 111°18'W. Cerro El Picacho is

composed of Neoproterozoic? dolomite and minor quartzite, here correlated with the
stratigraphic section near Caborca. The strata are adjacent to, and perhapsin
unconformable contact with Precambrian gneiss; Skolithos-bearing quartzite,
apparently the Proveedora Quartzite, is present about 2 km north of Cerro El Picacho.

H-1, Near Pozo Nuevo in northern part of Sierra Lopez: lat 29°25'N. to lat

29°30'N., long 111°16'W. to lat 111°19'W., in 1:50,000-scale quadrangle H12C309.
Stratigraphic succession (Stewart and others, 1990) in two geographically separate
areas. One area contains shale, silty limestone, and limestone with Early Cambrian
trilobites structurally overlain by the Proveedora Quartzite . Thetrilobites are taxa
that in Californiaand Nevada overlie the Proveedora Quartzite (Zabriskie Quartzite in
Cdliforniaand Nevada, suggesting that the stratigraphic succession is overturned.
The second area contains about 2,700 m of Cambrian and Ordovician strata. The
Cambrian strata consist of about 1,000 m of carbonate rock locally containing Middle
Cambrian trilobites. Ordovician strata (Repetski and others, 1985; Stewart and
others, 1990; Poole and others, 1995a) consist of carbonate rock and minor amounts
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H-2,

of siltstone and quartzite. They are about 1,700 m thick and contain Early, Middle,
and Upper Ordovician trilobites and conodonts (Stewart and others, 1990; Poole and
others 1995a). The lowermost part of the unit mapped as Ordovician by Stewart and
others, 1990) contains Cambrian conodonts (John Repetski, 2000,written comm.).
Other references: Avila-Angulo (1987) and Amaya-Martinez and Calmus (1985).

Rancho Placeritos: centered on lat. and long: 29° 20.6' N., 111° 16.9' W.
Locality is 1.5-2 km north and northeast of Rancho Placeritos, in southernmost Sierra
L 6pez, about 40 km northwest of Hermosillo, Sonora, in El Batamote (H12C349)
1:50,000-scale quadrangle. The Rancho Placeritos areawas originally described by
Avila-Angulo (1987). Poole and others (1997, 1998; 2000 a, b) describe the areain
detail and have recognized Upper Ordovician, Silurian, Devonian, and Mississippian
shelf rocks overlain unconformably by Lower Jurassic strata. The section of
Paleozoic rocks is one of the better exposures of these rocks in west-central Sonora.

H-3, SierralaFlojera: lat. and long.: At or near lat 29° 00' N., long 110° 53' W.

H-4,

Lower Permian shallow-water shelfal limestone and Lower Permian deep-water
turbiditic siltstone, silty limestone, detrital limestone, and conglomerate (Stewart and
others, 1990). The two dissimilar sequences are separated by a covered area. Based
onrelationsin Sierra Santa Teresa (Stewart and others, 1997), 8 km to the east, the
deep-water sequence may bein depositional contact above the shallow-water
sequence and represent a deep-water basin or trough devel oped within the shallow-
water shelf. Permian fusulinids occur in both sequences. A small outcrop of Upper
Triassic rocks is present in the northern part of the area (Roldan-Quintana and
Gonzélez-Lebn, 1985; Stewart and others, 1990; L ucas and and Gonzalez-L eon,
1994).

Loma EIl Chihuarruita (3 km east of San José de Gracia): centered on lat
29°16.9'N., long 110°35.1'W. in Ures in 1:50,000-scale quadrangle H12D32.
Lower and Middle Cambrian succession containing strata possibly correlative with
the Puerto Blanco Formation is overlain by the Proveedora Quartzite, Buelna
Formation, Cerro Prieto Formation, Arrojos Formation, and Tren Formation (Stewart
and others, 2002). The locality and stratigraphy was first described by Maytorena-
Silvaand Esparza-Y afiez (1990) and Morales-Montafio and Cota-Reyna (1990).

H-5, Cerro La Caridad: Approximately lat 29°12.6'N., long 111°00.2'W., in 1;50,000-

scale quadrangle H12C49, 15 km northwest of Hermosillo. Highly deformed and
metamorphosed succession of Cambrian strata (presumably the Proveedora Quartzite,
Buelna Formation, Cerro Prieto Formation, and Arrojos Formation) (Maytorena-
Silvaand Esparza-Y afez, 1990) are reported by Morales-Montario (1990) to be thrust
over Jurassic rocks. Thetrilobite Elrathina (identified by A.R. Palmer, 1989,
written commun.) is reported at thislocality and is a characteristic trilobite of the early
half of the Middle Cambrian.

H-6, Cerro El Cartamo and Cerro Las Sabanillas: 30 km northeast of Hermosillo,

on gravel road to microwave tower: Near lat 29°17.5'N., long 110°44.5W. In
1:50,000-scale quadrangle H12D31. Proveedora Quartzite with Scolithos reported
by Mariano Morales-Montafio (1990, oral commun.) on Cerro El Cartamo directly
east of the gravel road. According to Morales-Montafio, a dolomite is exposed in the
northern part of this hill. Proveedora Quartzite also forms Cerro Las Sabanillas, one
km west of Cerro El Cartamo and on the west side of the road, according to Morales-
Montarfio.
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H-8, Cerro Sahuaral area, 40 km northeast of Hermosillo: lat 29°20.75'N., long
110°37.54'W., in 1:50,000-scale quadrangle H12D32. Outcrops of Proveedora
Quartzite and Arrojos Formation. Buelna and Cerro Prieto Formations not identified,
but could be present. Two fossil collections were made in the area. Thefirst
collection, JS-90-9, 700 m southwest of Cerro Sahuaral, was made by M. Moraes-
Montarfio, J. Cota-Reyna, and Stewart in March, 1990, and the fossils identified by
A.R. Palmer (1990, written commun.) as Peronopsis sp. Bathyuriscus sp.,
Oryctocephalus sp., undet. ptychoparioid, undet. dorypygid, and possible
Kootenia.. The presence of Oryctocephalus indicates an age somewhere in the early
part of the Middle Cambrian. The second collection , JS-90-13, 800 m southwest of
Cerro Sahuaral, was collection made by J. Cota-Reyna, and the fossils identified by
A.R. Palmer (1990, written commun.) as Peronopsis sp., Pagetia?, indet.
ptychoparioid, and indet. inarticulate brachiopods. This collection is Middle
Cambrian, probably the lower half owing to the presence of Pagetia?

H-9, Cerro El Sotol area: lat 29°24'N. to lat 29°28'N, long 110°31'N. to long
110°37'W. Large outcrop area of Neoproterozoic strata (El Aguila Group)
unconformably overlain by Lower and Middle Cambrian strata (Stewart and others
(2002). The El AguilaGroup consists of more than 1000 m of mainly dolomite,
quartizte, and metasiltstone. The unconformably overlying Cambrian strata consist of
the Proveedora Quartzite, 24 m thick; Buelna Formation, 120 m thick; Cerro Prieto
Formation, 16 m thick; Arrojos Formation, 315 m thick; and Tren Formation, 131 m
thick in an incomplete section. The Buelnaand Arrojos Formations contain Early and
Middle Cambrian trilobites (Stewart and others, 2002). U-Pb ages on detrital zircons
were determined from a sample collected from the El Aguila Group at thislocality
(Gross and others, 2000; Stewart and others, 2001).

H-11, Rancho Sobechi area: lat 29°9.8'N., long 110°02.8'W. in 1;50,000-scale
gquadrangle H12D43. Trilobites at thislocality were originaly discovered by Arturo
Navarro, and recollected by Stewart and Poole (3/9/95). The trilobites (collection 27-
F14-12J) were identified by A.R. Palmer and R. Robison (1995, written commun.)
as Tonkinella valida Tchernysheva, Peronopsis sp., Syspacephalus sp.,
Tomagnostus? sp., and Peronopsus depressa. Unit also contains orbiculoids and
possible sponge spicules. A second collection, at lat. 29°09.4'N. and long.
110°02.8'W. was made by Ricardo Vega Granillo and contains essentially the same
faunaas 27-F14-12J, but the trilobites are more sparse and more poorly preserved
(A.R. Pamer, 1995, writtern commun). The trilobites at the first locality arein an
estimated 150-m-thick unit of greenish- to olive-gray shaly siltstone and mudstone
with thin interbeds of silty limestone and limestone. Thisunit isoverlain by an
estimated 250-m-thick unit of very thin-bedded limestone with sparse chert and
siltstone, which in turn is overlain by perhaps 100 m of medium- to thick-bedded
dolomite. The lower two units may be equivalent to the Arrojos Formation and the
upper unit to the Tren Formation. Thetrilobitesindicate a position high in the
Ehmaniella zone (medial Middle Cambrian). The presence of agnostids and
Tonkinella both indicate an open shelf environment (A. R. Palmer, 1995, written
commun.).

Two collections of limestone made by Poole (95FP-70F and -71F) in Canyén de Sobechi,
250 to 400 m east of the abandoned Rancho Sobechi yielded late Osagean to late
Meramecian conodonts (late Early to early Late Mississippian), according to A.G.
Harris. Limestone unconformably(?) overlain by red siltstone and conglomerate,
probably of Mesozoic age.
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H-12, Sierra Lopez, near La Verde mine. LaVerde mineisat lat. 29° 23.7', long.
111° 17.5'. Menicucci and others (1982) state "The outcrops of Sierritade L 6pez
around the La Verde mine consists, beginning with the lowermost, of aternating
limestone and shale. Neither the bottom nor the top of this sequence is known.
Locally, these rocks are contact-metamorphosed (skarns), which indicates the
existance of an underlying intrusive body. On the official geologica map of Mexico,
the entire sequence is represented as belonging to the Barranca Formation, and is
indicated to be of Triassic age. However, the fossils we found in its lower part:
crinoid stems, Calceolispongia multiformis Teichert and Fenestellides are
consistent with aLower Permian age of this sequence.” Stewart and Poole have not
visited thislocality, and have not confirmed the Permian age.

H-13, Cerrode Oro area: lat 29°32'N. to lat 29°40"N., long 110°32'W. to long
110°38'W. Magjor outcrop area of Neoproterozoic strata subdivided into El Tapiro, El
Alamo, and Afio Nuevo Formations of the Las Viboras Group (Stewart and others,
2002). Theseformationstotal at least 2,000 m and consist mostly of quartzite in the
El Tapiro Formation, of reddish-brown arkosic sandstone and minor siltstonein the
El Alamo Formation, and of quartzite, stromatolitic dolomite, and siltstone in the Afio
Nuevo Formation. U-Pb ages on detrital zircons were determined from a sample of
the El Alamo Formation at thislocality (Gross and others, 2000; Stewart and others,
2001).

H-14, Rancho las Norias-Rancho El Albariil: Center on lat. 29° 59'N., long. 110°
38'W. in 1,50,000-scale quadrangle H12D42. Paleozoic rocks in area were mapped
by Vega-Granillo and Araux-Sanchez (1987,1988), Radelli and others (1987), and
Peiffer-Rangin, (1988). Poole began stratigraphic studies of Paleozoic rocksin this
areain 1981. Areacontains carbonate shelf rocks of Early and Middle Ordovician
age unconformably overlain by Devonian and Lower Mississippian carbonate rocks
(Poole and others, 1995a; Page and others, 2000). New mapping and stratigraphic
studies by W.R. Page and others (unpub. data, 2001) have reinterpreted the
stratigraphy and structure.

Puerto el Oregano area, 3 km east of Las Norias, at lat 29° 03.7'N., long 110° 35.9'W.
contains Mississippian limestone (Peiffer-Rangin, 1988).

H-17, North of Cerro El Malinito, lat. 29° 14.2'N., long. 110° 44'W. At intersection of
main Hermosillo-Ures highway and road to microwave facility. 1n 1:50,000 scale
quadrangle H12D41. Rodriguez-Castafieda (1981) indicates that limestone with
nodules and lenses of chert contains corals. These are reported to be Vesiculophylum
sp., Pleurosiphonella cf. P. virginica (Butts) of Mississippian age (W.J. Sando,
1982, written commun.). Also abundant crinoid fragments.

H-18, Sierra Los Leyva, lat 29° 04.5'N., long 110°42.5'W. In 1:50,000-scale
quadrangle H12D41. Rodiquez-Castarieda (1981) indicates that the corals Caninia?
sp. Petaluxis of the group P. flexuosus (Trautschold) and Michelinia sp. occur in
limestone beds. Also present are fragments of crinoids and pelecypods. W.J. Sando
(written commun.1982) reports the presence of Vesiculophyllum sp.,
Pleurosiphonella cf., P. virginica (Butts) of probable Late Mississippian age, and
Petalaxis of the group P. flexudous (Trautchold) of Middle Carboniferous, or more
likely, Permian age. Poole and J. Roldan-Quintana collected corals from a
pelmatozoan- and coral-bearing limestone that indicate an age of Late Mississippian to
Early Permian. Conodonts derived from limestone (samples 83FP-21F and -22F,
lat. 29°05.3'N., long 110°43.3W.) indicate Osagean (late Early Mississippian) and
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latest Meramecian-Chesterian (Late Mississippian) ages. Stewart recognized a
probable Devonian quartz arenite underlying the Mississippian carbonate rocks.

H-20, southwest flank of Sierra Mazatan, north of Rancho Las Milpas, centered
on lat. 29° 03'N., long. 110° 15'W. Limestone collected by R. Vega-Granillo (Vega
Granillo, 1996) contains conodonts of the middle Kinderhookian (Early
Mississippian), Sphonodella sandbergi Zone or younger (C. A. Sandberg, 1995,
oral commun.). An Early Mississippian age for limestone at thislocality isaso
indicated by Peiffer-Rangin (1988).

H-22, Rancho Curiel: lat 29° 54'N. to lat 29°54.5'N., long 111°37.7" W. to long.

111°38.5'W.,in 1:50,000-scale quadrangle H12C18. The Neoproterozoic rocksin
the Rancho Curiel areawere originally mapped and described by Pérez-Soto (1991)
and Vega-Granillo and others (1991, 1993). A more detailed study by Stewart and
others (2002) divided the section into 4 units, which are, in ascending order: unit 1,
quarzite and conglomerate, unit 2, dolomite and minor quartzite, unit 3, quartzite and
conglomerate, and unit 4 dolomite and quartzite and minor silty limestone. Unit 3
and the lowermost part of unit 4 are correlated with part of the Clemente Formation of
the Caborca area (Stewart and others, 2002).

Detrital zircons from Neoproterozoic quartzite in the Rancho Curiel area are described by
Stewart and others (2001).

H-23, Rancho El Pocito (also Rancho La Pirinola): lat 29°57.9' N. to lat 29°57.5'N,
long 111° 35.6'W. to 36° 00'W. In Feliz Gomez 1:50,000-scal e quadrangle.
Neoproterozoic dolomite and quartzite in complex structural setting (Pérez-
S0t0,1991; Vega-Granillo and others, 1991). Strata shown as resting
nonconformably on crystalline basement rocks. Strata considered to correlate with
the El Arpaand Caborca Formations of the Caborca area by Vega-Granillo and others
(1991).

H-24, La Monarca: lat 29°54.5'N. to 29°56'N, long 111°31.0'W to long 111°33.0'W,
in Feliz Gomez 1:50,000-scale quadrangle. Well exposed and little faulted
succession of Neoproterozoic dolomite and quartzite (Pérez-Soto, 1991; Vega
Granillo and others, 1991; 1993). We were unable to obtain premission to visit this
locality, but from low level aerial observation, the section appears to be akey
stratigraphic locality that contains two major resistant quartzitic unitsin adominantly
dolomite succession.

H-25, Bellavista (Cerro EI Mohino): lat 29°53.5.'N.to lat 29°55.0'N, long
111°23.5W. to 111°24.9'W. Mapped by Pérez-Soto (1991). Stratigraphic
succession based on Stewart and others (2002) isafollows: (1) Precambrian granite
with 0.5to 1.4 cm phenocrysts of feldspar; (2) unconformably overlain by about
230 m of Neoproterozoic quartzite with conglomerate layersin lower part; (3) about
380 m of dolomite, probably correlative to El Arpa and Caborca Formations; (4)
about 130 m of medium- to very coarse-grained quartzite containing some granules
and pebbles, perhaps correlative to unit 2 of Clemente Formation, or alternately, is
part of overlying Mesozoic strata; (5) about 170 m of Mesozoic sandstone,
conglomerate and argillite containing sparse volcanic clasts and silicified wood.

H-26, Los Chirriones area (includes Cerro La Argentina): lat 29° 54.0'N. to lat
29°57.3'N, long 111°08.7'W to 111°10.8'W., in 1:50,000-scale quadrangle
H12C19. Five small isolated outcrops of Neoproterozoic dolomite and quartzite
(Chaparro-Meza, 1992). Dolomite at Cerro La Argentina (57.3'N, long 111°08.8 W)
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contains large stromatolites that 1ook like Conophyton because they have awell
defined central zone and concentric laminae characteristic of Conophyton (S.
Awramik, 1995, written commun.)

H-29, Batobabi: lat 29°46'N. to 29°47'N., long 110°48'W. to long 110°51'W.
Moderately faulted succession of Neoproterozoic El Tapiro, El Alamo, and Afio
Nuevo Formations (Stewart and others, 2002). Small stromatolites are present in the
Afo Nuevo Formation. Area shown on unpublished 1:50,000-scal e geologic map of
the La Poza quadrangle (H12D11) by the Departamento de Geologia, Universidad de
Sonora.

H-30, Cerro El Guayabo: lat 29°50'N. to 29°53'N., long 110°40'W. to 110°46'W. El
Tépiro Formation resting nonconformably on Proterozoic crystalline basement rocks
(Stewart and others, 2002)

H-32, Cerro La Vinorama: lat 29°55.5'N. to lat 29°55.7'N, long 110°40.3'W. to long
110°41.2W. Shown as La Paima Group on unpublished 1:50,000-scale geologic
map by the Departamento de Geologia (Universidad de Sonora) of the La Poza
(H12D11) quadrangle. Assigned by Stewart and others (2002) to Las Viboras
Group.

H-33, El Carrizal area: lat 29°51.0'N. to 29° 52.0'N., long 110°39W. to 110°42'W.
Orthoquartzite and quartzo-fel dspathic sandstone, some conglomerate; 667 m
measured by Figueroa-Vaenzuelaand Grijalva-Haro, 1989). Assigned by Stewart
and others (2002) to the Las Viboras Group. Outcropsincludethe LaVariedad area
west of El Carrizal. Some of the quartzite mapped in the La Variedad area, west of El
Carrizal, by the Departamento de Geol ogia, Universidad de Sonora, could be
M esoproterozoic in age because quartzite of this older ageis known in the Cerro El
Guayabo area, and previously mapped as Neoproterozoic in age.

H-34, El Batamote: lat 29°50.9'N. to 29°51.7'N., long 110°38.0'W. to long
110°38.8W. Figueroa-Valenzuelaand Grijalva-Haro (1989) measured 122 m of
quartzite, in part feldspathic. Assigned by Stewart and others (2002) to the Las
Viboras Group that is at least in part the EI Alamo Formation.

H-35, El Resbaladero: lat 29°55.5'N. to lat 29°56.5'N., long 110°39" W. to long 110°
40'W. Figueroa-Vaenzuelaand Grijalva-Haro (1989). Neoproterozoic strata
assigned by Stewart and others (2002) to the Las Viboras Group that is at least in part
El Tapiro Formation.

H-36, El Carrizo: centered on lat 29°59'N., long 110°31'W. Figueroa-Vaenzuelaand
Grijalva-Haro (1989). Assigned by Stewart and others (2002) to the Las Viboras
Group, probably the El Tapiro Formation.

H-37, El Chichiquelite: centered at lat 29°59.5'N., long 110°29.5W. Figueroa-
Valenzuelaand Grijalva-Haro (1989) report that the basal 3 m of the stratigraphic
succession is polymictic conglomerate with clasts of gneiss, granite, sandstone, and
quartzitefrom 4to 6 cmin size. The conglomerate is overlain by rose-colored,
laminated and cross-stratified orthoquartzite. Figueroa-Vaenzuelaand Grijalva-Hara
(1989) show these rocks asin depositional contact with Precambrian crystalline
rocks, but Stewart and others (2002) observed an apparent low-angle fault contact
between quartzite and the Precambrian crystalline basement. The quartzite and
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conglomerate are considered by Stewart and others (2002) to be El Tapiro Formation
of the Las Viboras Group.

H-38, Las Granadas: centered on lat 29°59.5'N., long 110°24'W. Quartzo-feldspathic
sandstone, quartz-sandstone, orthoquartzite, conglomeratic sandstone, and layers of
conglomerate (Figueroa-Vaenzuela and Grijalva-Haro (1989). Apparently part of the
Las Viboras Group (Stewart and others, 2002)

H-39, Cerro El Garrote: centered at lat 29° 54'N, long 110°32.0'N. Figueroa-
Vaenzuelaand Grijalva-Haro (1989). Apparently part of the Las Viboras Group
(Stewart and others, 2002)

H-40, Cerros Las Palmitas, Piedra Verde, and La Cachimba: lat 29° 47.5N. to lat
29°48.2N., long 110°26.0'W. to 110°28.0W. Figueroa-Vaenzuelaand Grijava
Haro (1989). Apparently part of the Las Viboras Group (Stewart and others, 2002).

H-41, Cerro LasMorras: lat 29°42'N. to lat 29°44'N., long 110°25.5'W. to long
110°26.0W. Mapped by Castro-Rodriguez and Morfin-Velarde (1988a,b). Locality
contains perhaps as much as 300 m of yellowish-gray and grayish-red, fine- to
medium-grained, laminated and cross-stratified quartzite containing local
conglomerate (Stewart and others, 2002). Las Viboras Group, probably El Tépiro
Formation.

H-42, La Chepa: lat 29°32'N. to lat 29° 36'N., long 110°47'W. to long 110°49'W. A
nearly 1,000-m-thick section of dolomite and minor amounts of quartzite (Vaenzuela-
Renteriaand Aguirre-Fimbres, 1995; Stewart and others, 2002). Probably of
Neoproterozoic age. Areaalso contains small outcrops of the Lower Cambrian
Proveedora Quartzite and of oncolith-bearing limestone of the Lower Cambrian Cerro
Prieto Formation.

H-44, 6 km nothest of Rancho Las Barajitas (southernmost Cerro ElI Carnero
area): centered on lat. 29°32'N., long 111°24.2'W., 1:50,000-scale quadrangle
map H12C28. A sample of acoral-bearing carbonate unit collected by Stewart in
1994 contained conodonts of Middle, or possibly Late Devonian, age (C.A.
Sandberg, 1995, oral commun.). Poole collected three samples of limestone in 1996
that yielded late Late Devonian conodont faunas identified by A.G. Harris (1997,
written commun.).

H-45, Cerro El Carnero: centered on lat 29°33.2'N, long 111°24.4'W., 1:50,000-scale
quadrangle map H12C28. Poole, W.R. Page, and R. Amaya-Martinez measured and
sampled a section of Ordovician, Silurian, and Devonian rocks (field work, 1997)
about 1 km southwest of Cerro El Carnero. Lithofacies and conodont faunas
identified by A.G. Harris (1996-1997, written commun.), confirm the Ordovician,
Silurian, and Devonian age of the rocks measured. Also see Poole and others (1997;
1998).

|A-1, Punta La Ona, also called Punta Unah): Lat. 29° 03.0'N., Long.112 ° 9.8'W.
About 2.5 km south southwest of Punta La Ona, about 3 km north northeast of Punta
Chueca 1:50,000 scale map. Mapped as "Ms"' (Mesozoic(?) sedimentary rocks) by
Gastil and others, (1974); apparently same locality as mentioned by Gastil and
Krummenacher (1977) and Gastil and Miller (1981; 1984). Stewart examined the
areain 1993 and found the rocks to consist of metachert, metasiltstone, and calc-
silicate hornfels. Perhaps some rocks are quartzite, because grain sizeis at least
medium in places, but most of rock appears to be metachert, not quartzite. Stewart
considers the rocks to be deep-water Paleozoic strata. Gastil and Miller (1984)
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correlate, with uncertainty, the rocks at Punta La Onawith deep water chert-rich
rocks at Puerto Calamajue on the west side of the Gulf of California. Therocks at
Puerto Calmujue are at least partly Late Mississippian in age (Griffith and Hobbs,
1993).

|A-2, 4.5 km south-southeast of Pozo Coyote: lat 29°34.9N., long 112°22.5'W.
Mapped by Gastil and others (1974) as"MQ" (Mesozoic? quartzite). Field
examination by Stewart in 1988 indicates a succession of quartzite and schist
probably 300 m thick. Quartziteis very fine textured metamorphic rock that was
originaly avery fine-grained sandstone. Origina sedimentary laminae and possible
cross-stratavisible. Possible clasts of metasiltstone in places. No carbonate, chert,
or conglomerate seen. Age of strata unknown. Quartzite does not resemblethat in
Neoproterozoic and Cambrian of Caborca region which ismostly coarser grained.
Could be Mesozoic, but if so, absence of volcanic, carbonate, and conglomerate
rocksis puzzling. Alternatively, could be an unusual facies of Paleozoic stratawest
of the miogeoclinal margin.

|A-3, Punta Chueca area: lat 29°00'40"N., long 112°08'25"W., 2 km east-southeast
of Punta Chuecavillage. Examination of locality by Poole and R. Amaya-Martinez in
1998. Intensely calcslicated limestone-marble layers severa metersthick intercal ated
with siliceous argillite and calcsilicate rock. No chert units were seen where
traversed. However, chert (or metachert) reported at 1A-1 (Punta La Ona) by Gastil
and Miller (1984) and by Stewart (field examination, 1993). Relations of localities
IA-1 and IA-3 are uncertain. Gastil and Miller (1984) and Stewart consider locality
| A-1 to be Paleozoic eugeoclina strata whereas Poole and Amaya-Martinez considers
locality 1A-3 to be most likely Mesozoic. Therocks at the two localities could be part
of the same sedimentary package, which could be composed entirely of either
Paleozoic eugeoclinal strata, or of Mesozoic strata. Alternately, the two localities
could be composed of different age rocks, locality 1A-1 could be Paleozoic and
locality 1A-2 could be Mesozoic.

| A-4, northwest Tiburén Island: centered on lat 29°15'N., long112°13W. Gastil and
Krummenacher (1977) report chert associated with carbonate rock and a variety of
clastic rocksin northwestern Tiburdn Isand. Gastil and Miller (1984) correlate these
rocks with uncertainty with deep-water strata at Puerto Calamujue on the west side
the Gulf of California. The Puerto Calamuje strata are at least partly Late
Mississippian in age. We did not examine thislocality.

IS-1, northern part of Turner Island: lat 28°43.7'N., long 112°17.7'W., 1:50,000-
scale quadrangle map H12-10. Northern part of island contains succession of meta-
argillite, chert, siliceous argillite, siltite, and minor limestone and dolostone (Poole
and others, 1993a, b). The succession in the southern part of theisland issimilar
athough it contains several major carbonate units. Poorly preserved graptolitesin the
northern part of theidand are late Middle-early Late Ordovician. Poole and others
(1993) correlate the graptolite-bearing argillite and associated chert with the El Y agui
Chert in the Barita de Sonora area, 100 km east of Hermosillo (Poole and
others,1993a,b; 1995b).

|1S-2, Cerro Tordillo and prominent hill about 1 km northwest of Cerro Tordillo:
centered at lat 28°58'15", long 112°03'10"W. Mapped as"Mc" (Meozoic(?)
carbonate-rich rocks) by Gastil and others (1974). Outcrop consists (Poole and R.
Amaya-Martinez, field examination, 1998) of intensely atered and recrystallized
limestone and clayey-silty limestone. Some interbedded platy limestone and
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M-5

calcisilicate units contain sparse siliceous (cherty) shale layers as much as 2 m thick.
Abundant outrcops of coarse-grained granitoid rocks and very thin-bedded calcsilicate
rock. Sequenceis considered by Poole to be probably Paleozoic carbonate-shelf
rocks, but is too metamorphosed to identify units without more detailed study.

Sierra Agua Verde: Centered at lat 29°14'N., long 109°53'W., 1:50,000 scale
quadrangle map H12D44. Over 3,700 m of Neoproterozoic(?), Cambrian, Lower
Ordovician, Upper Devonian, Mississippian, and Lower and Middle Pennsylvanian
inner-shelf miogeoclinal strata are exposed (Stewart and others, 1984, 1988, 1999a;
Poole and others, 1984, 1995a; Repetski and others, 1985). The areawas first
recognized by Francoise Peiffer-Rangin in the 1970's (Peiffer-Rangin, 1988). The
area also has been described by Minjarez-Sosa and others (1993) and Ochoa-Granillo
and Sosa-Ledn (1993) who report Permian strartain the areaas well. Gehrels and
Stewart (1998) and Stewart and others (2001) determined the ages of detrital zircons
from the Proveedora Quarzite of Early Cambrian age and from a sandstone of Late
Devonian age in the section at Sierra Agua Verde.

Puerto de Matape (apparently pass on road between Matape to Novillo
Reservoir in southern part of Sierra Agua Verde): lat 29°10.7'N., long
109°52.4'W. Probably near "El Puerto” on 1:50,000 scale map. Peiffer-Rangin
(1988) reports 270 m of dominantly carbonate rock of Early Mississippian age.

Cerro Prieto: presumably Cerro Prieto shown on 1:50,000-scale quadrangle map
H12D44, lat 29° 05.7'N., long109° 58.0'W., about 2.5 km south of Matape (Villa
Pesqueria). Recrystallized limestone containing corals and pel matozoan detritus
Peiffer-Rangin, 1988). Tentatively assigned a Mississippian age by Peiffer-Rangin
(1988).

Cerro Tepupa: Cerro Tepupaislisted by Peiffer Rangin (1988) as on "southern
flank™ of Presadel Novillo, but is not shown on 1:50,000-scale quadrangle map
H12D44 of the area. Perhaps Cerro Tepupais unnamed cerro 3 km east of of the
village of Tepupa. The village of Tepupaisat lat. 29° 10.5'N'., long. 109° 45.1'W.
Peiffer-Rangin (1988) describes the locality as containing asmall block of
Mississippian limestone with pelmatozoan detritus and brachiopods.

Cerro San Pedro (also known as Cerro Azogue): lat. 29° 16.8, long. 109°
43.0', 1:50,000-scal e quadrangle map H12D34. Two kilometers southeast of village
of San Pedro de la Cuevaon east side of El Novillo Reservoir. Peiffer-Rangin
(1988) describes 290 m of largely limestone and minor siltstone. The limestone
contains corals, brachiopds, bryozoans, sponges, and pel matozoan detritus of
Tournaisian and Viséan (Mississippian) age (Peiffer-Rangin, 1988).

Sierra Chiltepin and Cerro El Carrizo area: lat 28°57'N. to lat 29°06'N., long
109° 15.9'W. to long 109°22'N., in 1:50,000-scale maps H12D45, H12D46, and
H12D55, and H12D56. The area has been mapped and described by Flinn (1977),
Himanga (1977), Almazan-V azquez (1989), Fernandez-Aquirre and Almazan-
Vazquez (1991), Fernandez-Aguirre and others (1995), Pubellier and others (1995),
and Stewart and others (2002). The stratigraphic succession, named the Cerro Las
Bolas Group by Stewart and others (2002) is 2,600 m thick and divided into four
formations (Mina e Mezquite, Monteso, Sierra Chiltepin, and Macho Formations)
composed of shallow-water dolomite, quartzite, siltstone, limy siltstone, and sparse
conglomerate. A Sturtian-age (ca 700 Ma) glacia diamictite and cap carbonate
(Corsetti and others, 2001) is present at the faulted base of the group. U-Pb ages of
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detrital zircons were determined from samples collected from the Sahuaripa Member
of the Monteso Formation and from the Sierra Chiltepin Formation at this locality
(Stewart and others, 2001).

M-8, Loma La Bellotita (San Francisco mine; 3 km north of Matape): Lat.
29°08'N. to 29°09.5'N., long 109°57'W. to 109°59'W., in 1:50,000-scale map
H12D44. Metamorphosed and faulted succession, possibly 800 m or more, thick.
What appears to be the lower part of the succession in the western part of the outcrop
consists of several hundred meters of schist and quartzite overlain by 70? m of
medium- to very coarse-grained quartzite, locally containing quartz clasts aslarge as
about 1 cm. East and presumably upsection from this quartzite is several hundred
meters of marble and hornfels within which the stratigraphic succession is not well
defined. The entire succession is overlain along what appears to be alow-angle fault
by relatively unmetamorphosed limestone containing pel matozoan detritus. The
lower part of the succession (schist and quartzite) may be related to the Las Viboras
or El Aguila Groups northeast of Hermosillo (Stewart and others, 2002), and the
higher? hornfels and marble may be lower or middle Paleozoic strrata. However,
these correlations are speculative.

M-9, Sierra El Carrizo, about 8 km east of Méatape: centered on lat 29° 06.5'N.,
long 109° 51.7'W. In the 1:50,000-scale map H12D44. Thislocality is shown on
the map of Radelli and others (1987, plate 1) as part of an alochthonous sequence
(eugeoclina rocks). The rocksthat apparently are what Radelli and others(1987)
called alochthonous at Sierra El Carrizo are highly folded, but are mostly thin-bedded
meta-limestone and limy siltstone that are considered by Stewart to be miogeoclinal,
rather than eugeoclinal. They don't appear to be a chert-argillite sequence similar to
that in eugeoclinal stratain Sonora. The folded thin-bedded meta-limestone and limy
siltstone sequence could be Ordovician because it contains some limestone-clast
conglomerate beds similar to that in Ordovician rocks at Sierra Martinez, Rancho Las
Norias, and Sierra Lopez; however, the sequence contains lesser amounts of massive
limestone than those localities. Strata bel ow the sequence could be partly Cambrian

in age.

M-10, Rancho La Tinajaarea: Referenced as"Cerro delaTinga' by Peiffer Rangin
(1988) and Cerro Tingjaby Menicucci (1982). Rancho LaTingaisat lat
29°00'15"N., long 109°50'20"W., in 1:50,000-scale map H12D44. North of Llano
Colorado village. Exact location uncertain, but probably east of Rancho LaTingain
Sierrael Maviro, according to Poole. Menicucci and others (1982) lists severa
generaof fusulinids from thislocality. Peiffer-Rangin (1988) indicates a section,
about 150 to 200 m thick, of limestone with common fusulinids, bryozoan,
brachiopods, ostracods, and pelmatozoan detritus. Radelli and others (1987, plate 1)
mapped upper Paleozoic limestone overthrust by allochthonous Paleozoic eugeoclinal
rocksinthisarea. Poole has examined this area and concurs with their interpretation.

ME-1, Ejido Serdan, alternately called El Capitan): Locality is shown on Figure 1,
lat 32°18'N., long 112°50'W. Thislocality is about 50 km south of Yuma (USA),
about 40 km east southeast of San Luisin Mexico, and about 6 km south of the US-
Mexican border. The succession is highly metamorphosed equivalents of the Permian
Supal Group, Coconino Sandstone, Kaibab Limestone, and Mesozoic strata (Levellle,
1984; Fitts,1989) . These are cratonal cover stratathat are elsewhere exposed at
scattered localities in western Arizona and in extensive outcrops in northern Arizona.
The Ejido Serdan locality isimportant because it lies south of the position of the
hypothetical Mojave-Sonora megashear as drawn by Silver and Anderson (1974)) and
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Anderson and Schmidt (1983), yet appears to contain a continuation of strata from
north of the megashear in southwestern Arizona and southern California. Thisrelation
has been used as a argument against the existance of the megashear (Hamilton, 1987).
Alternately, if the megashear does exist,its trace must be south of Ejido Serdan, or the
Ejido Serdan rocks have overriden the megashear in an allochthonous plate from an
original position to the north of the proposed fault (see discussions and referencesin
Stewart and others, 1990, 1999a)

NG-1, Sierra El Tule: (same as Sierrade la Huachuca locality of Aponte-Barrera, 1974
and Lopez-Ramos, 1982), lat 31°16'50" N. to lat 31°19'00"N., and long
110°15'50"W. to long 110°20'00"W. Gonzélez-Ledn (1982, 1984, 1986, 1987) and
Cevallos-Ferriz and Gonzalez-Ledn (1984) reported that Sierra El Tule contains a
1,203-m-thick section of Paleozoic rocks. Cambrian rocks consist of alower unit of
sandstone which rests on Precambrian granitic rock. Theserocks are only partly
exposed, perhaps about 140 m thick, and are correlated with the Bolsa Quartzite of
Arizona. Overlying this sandstone are 170 m of shallow-water marine carbonate rocks
containing early Late Cambrian trilobites. These strata are correlated with the Abrigo
Limestone of Arizona. Ordovician and Silurian rocks are not present. Upper Devonian
rocks disconformably overlie the Cambrian rocks. They are 144 m thick and consist of
shallow-water marine carbonate rocks correlated with the Martin Formation of Arizona.
Disconformably overlying the Upper Devonian rocks are 297 m of shallow-water
carbonate strata of Mississippian (Kinderhookian-Osagean) age that is correlated with
the Escabrosa Limestonein Arizona. Disconformably above the Mississippian strata
are 387 m of shallow-water carbonate rock of Pennsylvanian age that is correlated with
the Horquilla Formation of Arizona. In fault contact with Pennsylvanian rocks are 140
m of strata of Early Permian (Wolfcampian) age. The Permian strata consist of
shallow-water marine sandstone and conglomerate (clasts aslarge as5 cm) in the
lowermost part and carbonate rocks in the remainder of the unit. The Permian strataare
correlated with the Earp Formation of southern Arizona.

NG-2, Rancho La Cueva: centered on 31°14' 50" N., 110° 29'00"W. From
stratigraphic base to top, the La Cuevalocality (Blodgett and others, 1998) exposes an
incomplete section of the Lower Permian Colina Limestone (minimum thickness,
235m), Lower Permian Epitaph Dolomite (11 m thick), and an incomplete section of
the Lower Permian Scherrer Formation (minimum thickness, 54 m). Megafossils from
the La Cuevalocdlity indicate alate Wolfcampian (early Early Permian) and Leonardian
(late Early Permian) age for the Colina (Blodgett and others, 1998), consistent with its
age in southern Arizona (Gilluly and others, 1954; Wrucke and Armstrong, 1987). No
fossis have been recovered from the Epitaph and Scherrer at the La Cuevalocality, but
these units are assumed to be Leonardian based on correlation with units in southern
Arizona. The Colinaand Epitaph are carbonate units deposited on a shallow-marine
platform. The Scherrer consists of thin-bedded fine-grained sandstone, siltstone, and
lime mudstone that reflect input of siliciclastic detritus onto the platformin late
Leonardian time (Blakey and Knepp, 1989).

NZ-1, SierraLos Ajos. lat 30°47'00'N. to lat 31°00'30"N., long 109°47'30"W. to long.
110°02'50"W. Large mountain range composed mostly of Paleozoic rocks. Described
by Bridges (1970), Aponte-Barrera (1974), and L 6pez-Ramos (1982). Aponte-Barrera
(1974) indicates 180 m of Cambrian Bolsa Quartzite resting unconformably on the
Precambrian Pinal Schist. The Bolsaisoverlain by 175 m of Middle and Upper
Cambrian Abrigo Formation which, in turn, is unconformably overlain by 150 m of the
Devonian Martin Formation and 160 m of the Mississippian Escabrosa Limestone.
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Alsointhe Sierrade Los Ajos ("Mustenas Mountains' of Taliaferro, 1933),
Bridges (1970) reports 131 m of Bolsa Quartzite, 173 m of Abrigo Formation, 84 m of
Martin Formation, and an incomplete Escabrosa Limestone that is 85 m thick.

NZ-2, Bacoachi (Cerro La Cal): centered on lat 29°36.8'N, long 109°57.0'N.
Probably 50 to 100 m of laminated, cross-stratified, and bioturbated quartzite (Bolsa
Quiartzite) resting unconformably on Precambrian porphyritic granite. Quartzite
locally contains U-shaped trace fossils, probably Monocraterion, overlain by poorly
exposed and structurally distorted thin-bedded limestone, probably the Abrigo
Formation, and this, in turn, is overlain by atered carbonate rocks that may include
the Devonian Martin Formation and, at the top, the Mississippian Escabrosa
Limestone (R. Blodgett, oral commun., 1993). Limestone in the position of the
Abrigo and Martin Formations are injected by numerous mafic (diabasic?) dikes and
sills 10 to 20 m wide. Early Mississippian conodonts were collected by Poole and
W.R. Page and identified by A.G. Harris from the Escabrosa at this locality (1997,
unpubl. data). U-Pb ages on detrital zircons were determined from a sample collected
from the Bolsa Quartzite at thislocality (Kurtz and others, 1998; Grose and others,
2000; Stewart and others, 2001).

NZ-2A, Caion de Santa Rosa (also called El Tigre area): lat 30°34'N. to lat
30°37'N., long 109°06'W. to long 109°10'W. Located "afew miles southeast of El
Tigre" by Imlay (1939), and as "5 miles southeast of El Tigre" by Dunbar (1939).
Locality described by Imlay (1939), Dunbar (1939), Montafio (1986), Devery (1979),
and Holcomb (1979). Imlay (1939) divided the section in Cafion de Santa Rosainto 5
members. From oldest to youngest these are: Member 5, 885 ft (270 m) thick, thick-
to medium-bedded limestone with some chert, abundant pel matozoan debris,
bryozoans, and sparse corals and brachiopods. Brachiopods are of Mississippian (pre-
Ste. Genevieve age). Member 4, 373 ft (114 m) thick, thin-bedded limestone and
shale, three brachiopod collections indicate Mississippian Ste. Genevieve age. Member
3, 2,380 ft (726 m) thick limestone with some beds chert; Leonardian fusulinids
(Dunbar, 1939) 120 ft (37 m) from top. Base of fusulinid-bearing beds about 410 ft
(125 m) below top. Member 2, 715 ft (218 m) thick, thin-bedded limestone with many
layers of chert: probable Leonardian fusulinids near base (Dunbar, 1939). Member 1,
1,155 ft, (352 m) thick, thick-bedded limestone with chert nodules; fusulinids
common, but not preserved well enough for identification. If Pennsylvanian strataare
present, they must occur in lower part of unit 3.

Holcomb (1979) and Devery (1979) restudied Cafion de Santa Rosa. They
recognized the same 5 members as Imlay (1939) and applied the name El Tigre
Formation to the entire 5 members following the nomenclature of Alvarez (1949).

They dated the rocks on the basis of conodonts. According to Holcomb (1979) and
Devery (1979) (also see Poole and others, 1995a), Member 5 contains 25 m of
Ordovician stratain its lowermost part; the base is not exposed. The upper 213 m of
Member 5 is Mississippian (Osagean and Meramacian) limestone. Member 4is91 m
of Mississippian (Meramican and Chesterian) limestone. Member 3 is 565 m of
Pennsylvanian (Morrowan to Virgilian) limestone and Permian (late Wolfcampian)
limestone and dolomite. Member 2 is 198 m of Permian (Leonardian) silty limestone.
Unit 115432 m of Permian (Guada upian?) limestone and dolomite.

NZ-3, Cafon de Noche Triste (also called Pilares de Teras area): lat
30°36'30"N. to lat 30°42'N., long 109°12'W. to long 109°15'30"W. Latitude and
longitude shown are extent of outcrops of Paleozoic rocks on INEGI map of the
Nacozari quadrangle (H12-6). Described as "about 1 mile northeast of Mina Pilares de
Teras' by Dunbar (1939), and "aong Carion de Noche Triste which drains westward
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from the Sierra de Teras about half a mile north of the mining village" by Imlay (1939).
On regional map by Imlay (1939), Pilares de Teras is shown about 8 km northwest of
El Tigre. Imlay (1939) reports several thousand feet of limestone along Cafion de
Noche Triste that he correlates with units 1, 2, and 3 at Cafion de Santa Rosa (NZ-2).
The upper two units contain many fusulinids of probable Leonardian age (Dunbar,
1939).

NZ-4, Sierra Huchita Hueca area: lat 30°35'N. to lat 30°37'30"N., long 108°55'W.
to long 108°52'W. Latitude and longitude drawn from outcrop pattern on maps of
INEGI, but these outcrops are mostly on southwest side of Sierra Huchita Hueca
whereas Imlay (1939) and Dunbar (1939) indicate that outcrops also cap the next
highest peak inthe range. Imlay (1939) reports limestone ranging from a few hundred
to about 1,000 ft (305 m) thick along the southern and southwest side of Sierra Huchita
Hueca. Fusulinids from the highest knob at the south end of Sierra Huchita Hueca
(about 11 km northeast of Bavispe) may be Pennsylvanian in age, and stratigraphically
higher fusulinids are Leonardian in age (Dunbar, 1939).

NZ-6, Cerros las Mestefias (La Mesa): lat 30°57'N. to lat 31°03'N., long 109°45'W.
to long 109°47'W. Mapped and described by Peiffer-Rangin (1988). Stewart and R.
Amaya-Martinez (field work, 1996) observed about 70 to 80 m of Middle Cambrian
Bolsa Quartzite resting unconformably on Precambrian schist (Iat 30°57.5'N.; long
109°45'W.). Overlying this, Peiffer-Rangin (1988) reported 75 m of Middle and
Upper Cambrian Abrigo Formation, 26 m of the Upper Devonian Martin Formation,
140 m of Mississippian Escabrosa Limestone, and 140 m of the Pennsylvanian
Horquilla Formation.

PP-1, Estacion Sahuaro: Locality is shown on Figure 1, lat 31°10'N., long 112°50'W.,
partly on the Estacién Sahuaro 1:50,000-scal e topographic map. Calmus (1993)
describes metamorphosed Paleozoic sedimentary strata on "two hills straight north of
Estacién Sahuaro." The rocks consists of limestone, marble, dolomite, and quartzite.
Corals of probable early Paleozoic age from the succession were examined by H.W.
Flugel (1991, written commun., in Calmus (1993). Several areas of Proterozoic
sedimentary rocks are shown in nearby areas on the CESUES (Centro de Estudios
Superiores del Estado de Sonora) 1:500,000-scale Sonora geologic map (Fernandez-
Aguirre and others, 1993).

SL-1, La Colorada: centered on lat. 28°47.2'N., and long. 110°34.5'W., in 1:50,000-
scale quadrangle map H12D52. Quartzite, argillite, and chert. Bartolini and others
(1995) report 5 species of graptolites of late Middle and Late Ordovician age
(Caradocian and Ashgillian). Poole and Stewart (in Poole and others, 1995b)
collected Middle Ordovician graptolites from argillite associated with quartzite east of
Rancho LaMinita

SL -2, Various names have been used in this area and several different sublocalitiesare
included here. Includes Zubiate locality (number 12 of Meniccuci and others, 1982),
which is apparently the same as El Subiate and C. Subiate on La Calorada 1:50,000-
scale quadrangle map H12D52, and Cerro Valuarte locaity of Menicucci and others
(1982) and Peiffer-Rangin (1988) that is about 2 km east of Rancho La Garita.
Locality also includes C. San Francisco. Locality SL-2 iscentered on lat 28°
56.5'N., long 110 35'W. Areacovers severa square kilometers. Menicucci and
others (1982, p. 4) describe the Zubiate locality (their loc. no. 12) as sandy limestone
that gradesinto calcareous sandstone and quartzite. They indicate that Flores (1929a)
was able to fine "some Permian crinoid stems' in the limestone. At Cerro Valuarte
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(not labeled on map), 2 km east of Rancho La Garita, Menicucci and others (1982,
fig. 7) show 400 m of "Leonardian limestone" overlain by 500 m of "Upper Permian
and Triassic sandstone and quartzite." The relative positions of the Zubiate and Cerro
Valuarte localities are not described. Weinfer that the Cerro Zubiate locality is about
1 km north and the Cerro Vauarte locality is about 2 km east of Rancho La Garita.
Peiffer-Rangin (1988) indicates Leonardian fossils at Cerro Vauarte. Stewart (field
work, 1982) collected fusulinids about 1 km northwest of Cerro San Francisco (lat
28°57.2'N., long 110°33.5'W.). Three samples at Cerro San Francisco contain the
following fusulinids: Sample 1, staffellid, Schwagerina sp., Monodiexodina sp.,
Tetrataxis sp; late Wolfcampian (Early Permian). Sample 2, Schwagerina spp.,
Parafusulina? sp., early form; latest Wolfcampian or early Leonardian (Early
Permian. Sample 3, Schwagerina sp. advanced form; late Wolfcampian (Early
Permian). These fusulinids were identified by R.C. Douglass (1983, written
commun.) An indeterminate horn coral (W.J. Sando, 1982, written commun.) was
also found at Cerro San Francisco. Allochthonous Ordovician eugeoclina strata are
shown by Radelli and others (1987, plate 1) on the southern slope of Cerro San
Francisco.

SL-3A, Cerro Cobachi area (shallow-water assemblage), centered on lat. 28°
50'N., long. 110° 10'W., in 1:50,000 quadrangle H12D53. Area described by Noll
(1981), Noll and others (1984), Ketner and Noll (1987), and Peiffer-Rangin (1988).
Area contains two structurally juxtaposed assemblages (Ketner and Noll (1987), a
carbonate-quartzite, shallow-water assemblage (shown here aslocality SL-3A) , and
asiliceous, deep-water asssemblage (shown here aslocality SL-3B). The shallow-
water assemblage includes Ordovician, Silurian(?), Devonian, Mississippian,
Pennsylvanian, and Permian strata (Ketner and Noll, 1987; Ketner; 1986; Pérez-
Ramos, 1992; Poole and others, 1995a.

SL-3B, Cerro Cobachi area (deep-water assemblage), centered on lat. 28° 50'N.,
long. 110° 10'W.,in 1:50,000 quadrangle H12D53. Areadescribed by Noll (1981),
Ketner (1983), Noll and others, 1984), Ketner and Noll (1987), Peiffer-Rangin
(1988), Rivaand Ketner (1989), and Poole and others (1995b). The deep-water
(eugeoclinal) strataincludes Ordovician, Silurian(?), Devonian, Mississippian,
Pennsylvanian, and Permian strata (Pregger, 1981, Ketner,1983, Ketner and Noll,
1987; Riva and Ketner, 1989, Poole and others, 1995b). Unpublished studies by
Poole in the Cerro Cobachi areain 1982 indicate that stratain the Cerro Cobachi area
are a continuation of the well-established succession in the Barita de Sonora area
(locdity T-1), 20 km to the northeast. Theindividual units recognized in the Barita
de Sonora area can aso be recognized in the Cerro Cobachi area.

SL-4, Sierra Santa Teresa: centered on lat. 29°58'N, long 110°47'W. Area has been
studied by Flores (19293, b), Rodriguez-Castafieda (1981), Peiffer-Rangin (1988),
Pérez-Ramos (1992), and Stewart and other (1997) . Stewart and others (1997)
describe over 1,600 m of largely shallow-water carbonate strata of Late
Mississippian to Middle Pennsylvanian, and Early Permian age, and apparently
unconformably overlying deep-water siliciclastic strata of Early or Middle Permian
age (Stewart and others, 1997). U-Pb ages on detrital zircons were determined on a
sample of Early or Middle Permian deep-water siliciclastic quartzite at thislocality
(Gehrels and Stewart, 1998).

SL-5, Cerros El Aguaje (=Torreslocality): 32 km southeast of Hermosillo and 3-8
km north of Torresin southeast part of Torres 1:50,000-scale quadrangle map
H12D51, centered on lat. 28° 49.2'N. and long. 110° 46.0W. Very poorly
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preserved graptolites collected in 1991 by Stewart, M.Moraes-Montafio , and J. Cota
from west side of small hill, 2.15 km S12W of C. El Aguagje and 1.4 km due east
from railroad tracks, lat. 28° 48.1 N., long. 110° 46.3 W. Identified by Claire Carter
(1991, oral commun.) as biseria graptolites that range in age from Middle Ordovician
to Early Silurian. Bartolini and others (1995) describe Ordovician chert, siltstone,
and quartz arenite containing shale layers at the Cerros El Aguagje locality. Graptolites
of Whiterockian to Cincinnatian age are present. Also see Poole and others (1995b).

SL-6, Cerros La Herradura, about 4 km west of San José de Pimas: uncertain
location at lat. 28°42.8'N, long. 110° 23'W., in 1:50,000-scale quadrangle H12D62
Bartolini and others (1995) reports very preserved graptolitesin black shale
associated with quartz arenite. The graptolitesindicate aMiddleto Late Ordovician

age.

SL-7, Sierra de Moradillas: centered about lat. 28° 36'N., long. 110° 30'W., in
1:50,000-scal e quadrangle map H12D52. Bartolini and others (1990, 1995) reports
metamorphosed Paleozoic quartzarenite, shale, dolomite, and limestone (Abadie,
1981). Apparently the same locality described by Vassallo (1985) who reports clayey
dolomite intercalated with horizons of chert. Vassallo mentions possible Ordovician
graptolites at thislocality.

T-1, Barita de Sonor a: several square km of outcrop included under this heading,
centered about lat. 28° 55'N., long. 109° 58'W. Sierra Martinez which is near Barita
de Sonorais under separate heading (T-2). In 1:50,000-scal e quadrangle map
H12D54. The Barita de Sonora area contains widespread outcrops of preorogenic
ocean-basin Ordovician, Upper Devonian, and Lower Mississippian strata, and
synorogenic Upper Mississippian, Pennsylvanian, and Lower Permian strata (Poole
and others, 1988; Poole and Amaya-Martinez, 2000; Poole and others, 1983, 1988,
1990, 1991, 1995b; Poole and Madrid, 19884a); Poole and Dutro (1988); Madrid and
others (1988; 1990); Murchey (1990), Stewart and others, 1990. The presence of
Ordovician graptolite-bearing stratain the Barita de Sonora area was first recognized
by Peiffer-Rangin and others (1979) and Peiffer-Rangin and others (1980). Poole
and others (in progress) are preparing a detailed geologic map of the Barita de Sonora
area.

T-2, Sierra Martinez: centered at lat 28° 57.2'N., long 109° 53.8'W. In 1;50,000-scale
quadrangle map H12D54). Menicucci and others (1982) orginally described the
SierraMartinez strata as al Permian. Later work by Poole, R. J. Ross, Jr., and J.E.
Repetski (in Poole and others, 19954) indicates that the carbonate rock in the lower
part of the succession is Ordovician in age (based on age diagnostic trilobites,
conodonts, and the gastropod Maclurites). The overlying quartziteis Middle
Ordovician and the limestones above the quartzite are Devonian and Mississippian in
age based on invertebrate and conodont faunas. A major unconformity separates the
Ordovician quartzite from the Devonian and Mississippian limestone (Poole and
others, 1995a). A magjor high-angle fault separates Mississippian and Permian
limestones in a stratigraphic section measured by Poole and W.R. Page (unpubl.
data, 1996-1997). Fusulinids were used to date the Permian limestone.

T-3, Sierra La Ciénega: centered on about lat 28°50.4'N., long 109°50.5'W., in
1:50,000-scale quadrangle map H12D54. Poole examined metamorphosed
Ordovician ocean-basin rocksin Sierra La Ciénega with Manuel de Moises Gonzal ez-
Carlosin 1995. The metamorphosed rocks consist of intercalated very thin beds of
dark-gray laminated micaceous siltite and argillite, thin beds of gray quartzite, and
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subordinate thin beds of medium-gray limestone. On the basis of lithology, Poole
correlates these strata with Ordovician ocean-basin stratain Sierra El Aliso 25 km to
the southeast (locality T-12).

T-4, Mina México area. Includes Sierralos Pinitos described by Peiffer-Rangin
(1988), northern Sierra El Encinals described by Schmidt (1978), and Cerro La
Zacatera area described by Hewett (1978). See aso Radelli and others (1987). Area
covers 7 by 10 km area centered on about lat 28° 51'N., long 109° 24'W.. Area
contains two major successions. A lower succession about 1,000 m thick (called the
El Tigre Formation by Schmidt, 1978, and Hewett , 1978) consists of limestone and
minor dolomite and sandstone, and an upper succession, called the Mina México
Formation by Schmidt (1978) and Hewett (1978). The MinaMéxico Formation is
estimated to be 1,000 m or more thick, and consists of yellow-brown to light-gray
turbiditic siltstone and very fine-grained sandstone in graded beds from 1 to 150 cm
thick. The strata contain Bouma sequences B,C,and E. A few calcareous siltstone
layers are present. Nereites trace fossils (probably Lophoctenium) are abundant.

The lower succession contains abundant fusulinids, pelmatozoan detritus, brachiopods,
gastropods, bryozoans, and ostracods. Fusulinids were mostly identified to the
genus level and in the age range of early Leonardian to late Wolfcampian (R.C.
Douglass and F. Peiffer-Rangin in Schmidt, 1978). Douglass identified one
fusulinid as "approximately Leonardian” in age. A collection containing
Parafusulina sp. Early Permian, Leonardian) identified by C.H. Stevens and
reported by Vega-Granillo and Araux-Sanchez (1985) is poorly located. The
formation that contains this fusulinid is reported to be below the Mina M éxico
Formation and possibly isin the same area described by Schmidt (1978) and Hewett
(1978). Itisreported to be southeast of the village of El Novillo.

The upper succession (Mina México Formation) yielded conodonts from two cal careous
siltstone layers. The collections were made by K.B. Ketner and Stewart in 1984, and
the conodonts identified by B.R. Wardlaw and R.G. Stamm in 1984.

Sample 29434 PC (12,130), lat 28°50.34'N., long 109°23.00W., contains the following
conodonts:

| diognathodus sp.

Neogondolella

Age: Pennsylvanian or Early Permian

Sample 29435-PC(12134), lat 28° 50.39'N., long 109°W., contains the following
conodonts:
| diognathodus sp.
| diognathoides sinuatus Harris and Hollingsworth
Neogondolella clarki (Koike)
Neostreptognathoides? sp.
Sweetognathus whitei (Rhodes)
Age: Thefaunaappearsto be latest Wolfcampian with reworked late
Morrowan el ements.

The stratigraphic and structural relations of the two successions (El Tigre below and Mina
México above) is particularly important. Schmidt (1978) and Hewett (1978)
considered the contact between these two successions to be conformable and cited the
consistent position in the area of the contact above alayer 1 m below the top of the El
Tigre Formation that contains pelmatozoan detritus and black calcite nodules. Stewart
and others (1990) and Stewart (2002) also considered the contact conformable and
relate the stratigraphy to a similar change from shallow-water shelf deposits to deep-
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water turbiditic that occursin Sierra Santa Teresa (locality H-43) described by
Stewart and others (1997). A critical aspect of interpreting the contact as conformable
isthe apparent younger ages of fossils in the El Tigre Formation below the contact
than in stratain the Mina México Formation above the contact. Such arelationshipis
suggestive of afault contact rather than a conformable contact. However, sample
29435-PC (12134) in the Mina México Formation contains a mixed conodont fauna
with Early Permian (latest Wolfcampian) conodonts and reworked Early
Pennsylvanian (late Morrowan) conodonts. Sample 29434 PC (12,130) could also
contain reworked conodonts. If the Mina México Formation is latest Wolfcampian,
the only apparent overlap in age with the El Tigre Formation is the "approximately
Leonardian” fusulinid described by R.C. Douglass and the poorly located sample of
Leonard age containing Parafusulina sp. reported by Vega-Granillo and Araux-
Sanchez (1985). If all of conodontsin the Mina México Formation are reworked,
then the maximum age of the Mina México may be latest Wolfcampian.

Radilli and others (1987, plate 1) have proposed an interpretation that, with available

information, isjust aslikely as that outlined above. They consider the contact
between the El Tigre and the Mina México to be aregiona thrust along which the
MinaMéxico Formation isthrust over the El Tigre Formation and other shallow-
water Paleozoic strata. Such an explanation is compatible with the possible overlap in
ages of the El Tigre and Mina México Formation described above. Poole considers
the Mina México Formation to be part of the widespread Sonora allochthon.

T-6, Cerro El Mogallon: lat 28°54'N. to lat 28°55.3'N., long 109°15'W. to 109°18'W.

Almazan-V azquez (1989), Almazan-V dzquez and others (1986), Almazan-V azquez
and Fernadndez-Aguirre (1988) report the presence of 950 m of Middle and Upper
Cambrian limestone, silty and sandy limestone, and, near the base, sandstone and
shale. Above the Cambrian is Ordovician carbonate and shale reported by Almazan-
Vazquez,1989) to be 475 m thick. (see aso Poole and others, 1995a) Cambrian and
Ordovician stratalocally contain an abundant trilobite fauna (Almazan-
Vazquez,1989).

T-7, Cerro Los Orcones. centered on 28°50.2'N., long 109°07.0W. Stewart and

others (2002) reports pale-red to grayish-red micaceous siltstone (about 130 to 170 m
thick) overlain? by about 80 m of dolomite. Siltstone lithologically similar to and
correlated with the Mina de Mezquite Formation in Sierra Chiltepin.

T-8, El Potrero: centered on lat 28°57'N., long 109°17'W. Mapped as Potrero

Formation by Flinn (1977) and as La Sata and El Mogall6n Formations by Fernandez-
Aguirre and Almazan-V ézquez (1991). Thin- to thick-bedded limestone containing
Mexicella (sample 23-F17-5J, lat. 28° 57'N., long 109° 16.7'W.) of the Albertella
zone, identified by A.R. Palmer (1998, written commun).

T-9, Sierra (or Cerro) Santo Domingo (same as Sierra San Lorenzo): large area

centered on lat 28° 50'N., long 109° 17'W., overlaps with T-25 locality. Fossils sent
by E. Almazan-Vazquez to C.H. Stevens from three localities, (1) lat 28°50.3'N.,
long 109°19.0W.; (2)lat 28°48.6'N., long 109°17.5'W., (3) lat 28°47.5'N., long
109° 17.1'N. These collections contain Acanthophyllum? sp. (probably Devonian);
Pseudozaphentoides? sp. (probably Mississippian); Hustedia sp. and Composita
sp. (probably Pennsylvanian); Sychnoelama sp. (Mississippian); Staffella sp.,
Eoparafusulina linearis?, Schwagerina diversiformis? (Early Permian, late
Wolfcampian); Triticites sp., Schwagerina sp., Tetrataxis sp., Tubiphytes sp.,
and Punctospirifer sp. (Early Permian, probably early Wolfcampian);
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Eoparafusulina sp. (Early Permian, Wolfcampian). Additional fossilsfrom Sierra
Santo Domingo sent to C.H. Stevens by Ismael Minjarez-Sosa contain Schwagerina
crassitectonia, Fistulipora sp., Rhombopora? sp., and some fossils that may be
Devonian.

T-10, Cerro Pefiasco Blanco: lat. 28° 55'N., long. 109° 7.5W. Limestone described
by Palafox and others (1984) and Palafox and Martinez (1985) contain aMiddle
Mississippian fauna of Amplexizaprhentis clinatus (Greene) and Brachytyrina sp.
Although not credited by Almazan-Vazquez and Ferndndez-Aguirre (1987), they
report the results of two Early Mississippian conodont collections obtained by Poole
and R.J. Madrid in 1985 and studied by A.G. Harris. The Poole and Madrid sample
locality is about 5.5 km southeast of Arivechi, Sonora, at lat 28°54.3'N., long
109°07.8'W.

T-12, Sierra El Aliso: large range centered on lat. 28° 40'N, long. 109° 40'W.
Widespread outcrops of eugeoclinal (deep-water) strata of Ordovician, Devonian,
Mississippian to Pennsylvanian(?), and Permian ages (Soto-Contreras and Navarro-
Martinez, 1987; Bartolini, 1988; Bartolini and others 1989; 1991).

T-16, El Real Vigo (also called Arroyo el Real Vigjo or Cafion de Real Vigjo):
described as east of El Real Vigo, about lat 28° 52.5'N. and long 109° 18.2'W.
Described by Minjarez and others (1985) as 300 m of limestone. Fossils submitted to
C.H. Stevens by E. Almazan-V azquez consist of Heterophaulactis? sp. (possibly
Devonian), Acrospirifer gaspensis? (probably Late Devonian), Cyrtospirifer sp.
(Late Devonian-Early Mississippian), Thamnopora? or Hererocoenites? (Devonian
to Permian), Syringopora sp. (probably Mississippian), Lithostrotion sp.
(Mississippian, probably Early Mississippian), and a coral similar to Tachylasma
(Permian?).

T-18, Sierra El Encinal: lat 28°40.9'N. to 28°42.3'N., long 109°21.9'W. to
109°36.2’'W. In 1:50,000-scale quadrangle map H12D65. Large area containing
outcrops of Ordovician, and probably other ages, of eugeoclinal strata. Common
graptolites. Described by Barrera-Moreno and Dominguez-Perla (1987), Poole and
others (1995a), and Bartolini and others (1995).

T-25, Ebenezer mine, 30 km southwest of Arivechi: near Cerro €l de Pie, lat
28°51'10"N., long 109°18'16"W. Pérez Ramos (1992) reports 170 m of reddish-
brown sandy limestone, interbedded thin- to thick-bedded red sandstone and sandy
siltstone, and massive limestone. Fusulinids, pelmatozoan detritus, bryozoans,
coras, and mollusks are present. The fusulinids indicate an early Leonardian-late
Wolfcampian age (Pérez-Ramos,1992). A Middle Pennsylvanian (Atokan) fusulinid
is present in the middle of the section according to Pérez-Ramos (1992). She
indicates that this fusulinid may bein adisplaced block in fault contact with the
Permian section, or may represent reworking of older rocks into the Permian section.

T-26, Cerro Bola Colorado locality of Bartolini and others (1990): Reported by
Bartolini and others (1990) as 5 km east of Rebeico (H12D54 quadrangle); apparently
same as Cerro LaBollalocality shown on 1:50,000-scale quadrangle map, lat 28°
53.5'N., long 109° 42.4'W. Bartolini and others (1990) indicate Lower Permian
(Wolfcampian) limestone turbidites at this locality, based on dating by C.H. Stevens.
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T-27, locality described by Bartolini and others (1990) as along the Rebeiquito-El
Novilloroad: closeto locality T-28 but described by Bartolini and others (1990) as
separate from locality T-28. Perhaps near lat. 28° 53'N. and long. 109° 41'W.
Bartolini and others (1990), indicate "Arenigian-Llanvirnian argillites, Late Devonian-
Early Mississippian chert (David Jones, 1989, written commun.), Late Devonian
limestone turbidites, and Pennsylvanian (?) sandstone and chert.”

T-28, Cerro El Carrizo: 3.8 km east-northeast of village of Rebeiquito in Rebeico
1:50,000-scale quadrangle H12D54, lat 28° 56.7N., long. 109° 42.75'W. Locality
originaly described by Bartolini and others (1990). Bartolini and others (1995, loc.
3) indicate graptolites are Mohawkian in age (late Middle Ordovician) age based on
identifications by S. C. Finney (in Bartolini and others, 1995). Poole and others
(1995b, loc.3) report graptolites of Whiterockian and Mohawkian age (Middle
Ordovician) west of Cerro El Carrizo and northeast of Rebeiquito.
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Figure 1. Index map showing location of figure 2
and localities of Paleozoic and possible Paleozoic
strata in Sonora outside of figure 2.
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Figure 4. Distribution of Neoproterozoic strata in lower part of
Cordilleran miogeocline. About 750 to 540 Ma
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Figure 6. Distribution of Ordovician strata
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Figure 5. Distribution of Cambrian strata in Sonora
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Figure 7. Distribution of Silurian strata
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Figure 10. Distribution of Pennsylvanian strata
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